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EndTidalCO2Abstract Background: Neurologic related respiratory failure from severe central nervous system
dysfunction is one of the most frequent reasons for initiating mechanical ventilation. The present
study aimed to determine the value of EndTidalCO2 and lung mechanics as predictors of extubation
failure in different neurological patients who were putting on mechanical ventilation.
Methods: Thirty two critically ill neurological patients were admitted to the general ICU with
acute respiratory failure due to variable neurological insults including acute stroke, drug abuse,
toxins, and C4 lesion. The patients were assessed for the following outcomes measures: Lung
mechanics (compliance, airway resistance and MIP), ETCO2, and the other standard weaning suc-
cess indices including; PaO2/FiO2, pH, and rapid shallow breathing index (RSBI) (respiratory
rate/tidal volume) at subsequent times: Initially on the beginning of using MV, and ﬁnally before
extubation.
Results: Successfully weaned patients represented 56.2% (n= 18) of all patients included in
this study. They had a signiﬁcantly lower MV duration (3.75 ± 1.8 days) and had a signiﬁcantly
higher Glasgow Coma Scale (13.16 ± 1.29) than the failed weaning group. Logistic regression
analysis showed a signiﬁcant association between failure of weaning and each of age, MV dura-
tion, Glasgow Coma Scale <13(GCS), ETCO2 621.1 and MIP >16.tilation;
g index;
positive
pressure
oxide in
; SAH,
, acute
rculosis.
106 H.A. Mohammad, W.A. AliConclusion: We concluded that measurements of RSBI, MIP (maximum inspiratory pressure),
EndTidalCO2 and dynamic compliance were more accurate predictors of extubation failure in
patients with neurological insults than other standard weaning parameters.
 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest
Diseases and Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Most patients with cerebrovascular events (CVE) do not
develop signiﬁcant respiratory problems but when present,
they may be a marker of severe neurologic derangement [1].
Neurologic related respiratory failure from severe central ner-
vous system dysfunction is one of the most frequent reasons
for initiating mechanical ventilation [2]. Among the causes of
neurologic dysfunction, structural causes such as ischemic
stroke, hemorrhages (intracerebral hemorrhage (ICH) and
subarachnoid hemorrhage (SAH)), and traumatic brain injury
(TBI) carry the worst prognosis and are the greatest challenge
to critical care specialists based on the interaction between
hypoxemia and secondary neurological insults [3].
The goals of positive-pressure ventilation (PPV) in brain-
injured patients are primarily aimed at improving oxygenation
to provide the essential brain nutrient besides glucose and con-
trolling arterial CO2 tension to minimize intracranial hyperten-
sion. PPV increases functional residual capacity (FRC) by
improving alveolar recruitment, thus optimizing oxygenation.
On the other hand, Increased intrathoracic pressure (ITP)
increases intracranial pressure (ICP) via these mechanisms:
Direct transmission of ITP to the intracranial cavity via the
neck. Increased ITP decreases venous return to the right
atrium, and increases jugular venous pressure, thereby increas-
ing cerebral blood volume (CBV) and ICP. As EtCO2 reﬂects
arterial CO2 in patients with reasonable perfusion, capnogra-
phy is a valuable tool for avoiding inadvertent hyper- or
hypoventilation [4].
Outcomes of critically ill neurological patients are driven
mainly by the underlying neurological pathology [5,6] and
the inﬂuence of extracerebral organ dysfunction and ventila-
tory management on outcomes in this group of patients is
not well established [7]. In mechanically ventilated neurologi-
cal patients, no consensus has been reached about optimal
VT, PEEP, PaO2, or PaCO2 levels [8] largely because these
patients have been universally excluded from randomized trials
of lung-protective ventilation because of concerns about
potential intracranial pressure (ICP) increases due to hyper-
capnia or increased thoracic pressures. Moreover, owing to
persistently decreased levels of consciousness, typical weaning
and liberation techniques used in medical-surgical ICU
patients may not apply to this group [6,9].
Measurements of respiratory mechanics are simple to per-
form and provide useful and relevant information for severity
assessment and ventilator management. They are really reli-
able only in passive conditions of ventilation, in which plateau
pressure monitoring is essential for adequate ventilatory
management [10].
The expiratory capnogram provides qualitative information
on the waveform patterns associated with mechanical ventila-
tion and quantitative estimation of expired CO2 (ETCO2) [11].Capnography serves an additional role of allowing provi-
ders to control assisted ventilation. For post-arrest patients
and head injury patients with suspected increases in intracranial
pressure (ICP), control of ventilation can critically affect out-
comes. In head injured patients, for example, sustained arterial
CO2 levels of 50 mmHg or greater increase blood ﬂow to the
brain, thereby raising ICP. As EtCO2 reﬂects arterial CO2 in
patients with reasonable perfusion, capnography is a valuable
tool for avoiding inadvertent hyper- or hypoventilation [12].
The weaning indices are used in many ICUs, and various
review articles have either recommended or have not ruled
out the use of these indices [13,14]. Some of the most well-
known weaning indices, such as the RR/tidal volume (VT)
ratio and MIP, have been incorporated into the routine of
many ICUs and are measured prior to extubation. However,
few of these indices have high accuracy [15].
The objective of the present work was to review the utility
of the different weaning parameters and indices during wean-
ing of mechanically ventilated neurological patients with a
focus on the most widely used and most accurate indices.
Patients and method
Patients
The present study included 32 patients aged between 26 and
76 years, who were admitted to the general Intensive Care Unit
in El-Minia University Hospital during a period from October
2012 to August 2014 for management of acute respiratory fail-
ure due to different neurological problems.
The protocol was approved by the institutional ethics com-
mittee, and informed consent was obtained from the patients
or their next of kin.
The exclusion criteria were the association of pulmonary
ﬁbrosis, pulmonary edema, hemodynamic instability, and the
presence of intrathoracic drainage. Diagnosis was established
in all patients by head CT, MRI, DSA (digital subtraction
angiography), Doppler ultrasound, or lumbar puncture.
The following data were prospectively recorded on admis-
sion: age, gender, smoking history, co-morbidity history of
hypertension or diabetes mellitus, previous stroke, atrial ﬁbril-
lation, or coronary artery disease. Clinical data included GCS
and neurological assessment. GCS scores <10 were deﬁned as
coma.
Study protocol
All patients were mechanically ventilated using a (Puritan
Bennett 840 microprocessor ventilator Germany). Initially,
the patients were placed on volume-control constant ﬂow
mode and ventilated with a tidal volume (VT) ranging from
8 to 10 ml/Kg body weight, respiratory rate ranging from 10
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extrinsic best PEEP which is the maximum amount of PEEP
that can be applied without raising peak airway pressure
during volume preset mechanical ventilation [16]. All patients
were under cardiac and respiratory monitoring (heart rate, res-
piratory rate, O2 saturation and ETCO2). When passive venti-
lation was obtained, when respiratory muscle activity was
resumed, the patient started to trigger the ventilator at his or
her usual rate. Then, a spontaneous breathing trial (SBT),
using T-tube was performed during a 30-min period. Criteria
for passing the SBT were those deﬁned by the 6th international
Consensus Conference on Intensive Care Medicine [17]. Wean-
ing was decided when following weaning criteria were met:
I Neurological criteria [18] which included the following;
1. Ideally, patient awake (RASS 0 or 1, GCS >8).
2. Ideally, patient cooperative.
3. Cough and gag reﬂexes present.
4. No excessive saliva/secretions.
II. Reversal of the cause of mechanical ventilation.
III. Hemodynamic stability: that is, no clinically important
hypotension and no requirement for vasopressors or a require-
ment only for low-dose vasopressor therapy (e.g., dopamine or
dobutamine <5.l/kg/min).
1. Patient capable of initiating an inspiratory effort.
2. No electrolyte disturbances, no sedation or narcotics.
3. Good nutritional status and no clinically evident myopa-
thy or neuropathy.
4. Corrected reversible causes of weaning failure such as
sepsis or heart failure [17,19].
Clinical evaluation in isolation does not accurately predict
the outcome of weaning from MV [10,20]:
The patients were assessed for the following outcomes
measures:
1. 1.Respiratory criteria: Weaning success as deﬁned as
absence of tachypnea >35,tachycardia >120, PaO2/
FiO2 > 150, FiO2 < 0.4–0.5, pH >7.32, and patient is
not re-intubated and ventilated within 72 h of extuba-
tion, rapid shallow breathing index (RSBI) (respiratory
rate/tidal volume) <105 [17].
2. Days of mechanical ventilation.
3. Length of ICU stay.
Extubation failure was deﬁned as reintubation or non-
invasive ventilation (NIV) within 48 h after extubation [21].
Other parameters measured during MV weaning
The ETCO2 was measured using the non-invasive cardiac out-
put (NICO)monitor (DS5000A PatientMonitor Digital science
Technology, USA), on the expiratory side of the circuit’s
endotracheal tube connector. After proper calibration and an
equilibration time of 20 min with stable hemodynamic and
respiratory variables ETCO2 values were determined and the
highest reading was recorded. Normal ETCO2 values range
from 35 to 45 mmHg [10]. A critically ill-appearing patient with
a normal capnographywaveform andETCO2 value has a patent
airway, is breathing adequately and has reasonable perfusion.Maximum inspiratory pressure
MIP was measured with the software that accompanies the
ventilator. In normal individuals, MIP is generally <80 cm
H2O [22].
Measuring of airway resistance
The resistance to airﬂow during inspiration was determined by
dividing the peak inspiratory ﬂow rate (Vinsp) into the pressure
needed to overcome the resistance to airﬂow (PIP-Pplat).
Rinsp = PIP-Pplat/Vinsp [23].
Where: Rinsp = airway resistance during inspiration,
Vinsp = peak inspiratory ﬂow rate.
This resistance represents the summed resistance of the
connector tubing, the tracheal tube, and the airways. However,
changes in Rinsp should represent changes in airways resis-
tance as long as the inspiratory ﬂow rate and the size of tra-
cheal tube and connector tubing are constant.
Measurement of compliance during MV
Compliance was calculated during MV by dividing the volume
of air delivered to the patient via the ventilator by the obtained
pressure [23].
The delivered tidal volume had to be corrected by subtrac-
tion of the non-compressible volume of the tubing system that
connects the patients to the mechanical ventilator. We can
assess auto PEEP by airway occlusion at end expiration. PEEP
whether external applied or auto PEEP should be subtracted
from the pressure obtained by the manometer.
Cst = VT  3 (PIP)/Pplat  total PEEP.
Cdyn = VT  3 (PIP)/PIP  total PEEP.
(PIP) = Peak inspiratory pressure, Pplat = Plateau
pressure, Total PEEP = (auto PEEP + applied PEEP)
Cdyn = Dynamic compliance.
Normal respiratory system resistance is, 5 cm H2O L
1s1.
Normal respiratory system static compliance is 0.06–0.1
L/cm H2O.
Statistical analysis
The collected data were coded, tabulated, and statistically ana-
lyzed using SPSS program (Statistical Package for Social
Sciences) software version 20.
Descriptive statistics were done for numerical data by
mean, standard deviation and minimum & maximum of the
range, while they were done for categorical data by number
and percentage.
Analyses were done for quantitative variables using inde-
pendent sample t test for parametric data between the two
groups and Mann Whitney U test for non-parametric data
between the two groups.
Chi square test was used for qualitative data between
groups when the cell contains more than 5, and Fisher exact
test when the cell contains less than 5.
Correlation between two variables done by using Pearson’s
correlation coefﬁcient: weak (r= 0–0.24), fair (r= 0.25–0.49),
moderate (r= 0.5–0.74), strong (r= 0.75–1).
Table 2 The ﬁnal outcome measures in both successful and
failed weaning (non survivors) groups.
Variable Successful
weaning
(n= 18)
failed
weaning
(n= 14)
P value
Age Mean ± SD 38.22
± 15.38b
58.71
± 13.61
<0.001a
Sex
108 H.A. Mohammad, W.A. AliSimple logistic regression analysis was done for calculation
of odds ratio.
ROC curve analysis was done to calculate the optimal cut-
off point, AUC, sensitivity, speciﬁcity, positive predictive value
(PPV) and negative predictive value (NPV).
According to one author [24] based on the AUC, a test can
be classiﬁed as follows: AUC< 0.50, uninformative; AUC of
0.50–0.69, inaccurate; AUC of 0.70–0.89, moderately accurate;
AUC of 0.90–0.99, highly accurate; and AUC of 1.00, perfect.
The level of signiﬁcance was taken at (P value 6 0.05).
Results
Patient characteristics (Table 1)
The clinical and biochemical parameters of the thirty two
mechanically ventilated neurological patients on admission
are depicted in Table 1. The age of patients was 47.18
± 17.72 years. Male represents 68.75% of all patients included
in this study. In this study as 62.5% of the patients were smok-
ers. Neurological insults were acute cerebral stroke in half of
the patients (n= 16) and drug over dose and toxins in
37.5% of patients, and 12.5% of the cases had C4 lesions.
Mean GCS score on admission was 6.68 ± 2.32. Among Six-
teen patients who presented with stroke, 10 cases were due
to spontaneous hemorrhage; while ischemic stroke in 6 cases.
About 56.2% of all patients (n= 18) were successfully
weaned. They were a signiﬁcantly younger age (38.22 ±
15.38 years), had a signiﬁcantly lower MV duration (2.44 ±Table 1 Demographic and clinical criteria on admission in all
studied patients.
Variable (range) Mean ± SD
Age (26–76) 47.18 ± 17.72
Sex: N (%)
Male 22 (68.75%)
Female 10 (31.25%)
Smoking: N (%)
No 12 (37.5%)
Yes 20 (62.5%)
Cause of acute respiratory failure N (%)
Acute cerebral stroke 16 (50%)
Drug over dose 12 (37.5%)
C4 lesion 4 (12.5%)
MV duration (days) (1–10) 4 ± 2.73
ICU duration (days) (2–15) 5.87 ± 3.55
Glasgow scale (3–11) 6.68 ± 2.32
ABGs
PH (7–7.64) 7.2 ± 0.19
PCO2 mmHg (20–96) 69.01 ± 23.87
PO2 mmHg (39–79) 57.63 ± 14.18
HIa (70.1–146.4) 98.88 ± 24.23
ETCO2 mmHg (10–59.6) 27.7 ± 15.95
Lung mechanics
Cst (mL/cm H2O) (6.1–42.9) 23.34 ± 9.57
Cdyn (mL/cm H2O) (4.5–38.6) 16.88 ± 7.65
Raw (cm H2O/L/s) (1.2–20.1) 8.75 ± 6.02
MIP (cm H2O) (11 to 2) 6.75 ± 2.72.12 days). They had a signiﬁcantly higher Glasgow scale
(13.16 ± 1.29) and ETCO2 (27.54 ± 6.37) than the failed
weaning group. As regards, for lung mechanics all successfully
weaned patients showed signiﬁcant improvement in Cdyn
(23.83 ± 5.29), MIP (28 ± 4.57) compared with the failed
weaning group. Otherwise, both groups had no signiﬁcant dif-
ferences for Hypoxic index >150 and pH> 7.32 (Table 2).
In Table3, the logistic regression analysis through univari-
ate analysis showed that, failure of weaning was signiﬁcantly
inﬂuenced by the following variables; age, MV duration,
MIP at cut of >16 and, dynamic compliance 621.4, Raw
>9.8 and ETCO2 621.1.GCS score <13.
A signiﬁcant positive correlation was found between ﬁnal
mean values of ETCO2 and both Glasgow scale and static
compliance (Cst). But a negative correlation was noticed
between ﬁnal ETCO2 and each of MV duration, ﬁnal PH,
Raw, and MIP (Table 4).
Table 5: ROC curve analysis: Glasgow coma scale at cut off
point <13 was perfect predictor as AUC was 1 and each ofMale 8 (44.4%)c 14 (100%) 0.001a
Female 10 (55.6%) 0 (0%)
Smoking
No 10 (55.6%)c 2 (14.3%) 0.017a
Yes 8 (44.4%) 12 (85.7%)
Cause of acute respiratory failure
Acute cerebral stroke 6 (33.3%)c 10 (71.4%) <0.001a
Drug over dose 12 (66.7%) 0 (0%)
C4 lesion 0 (0%) 4 (28.6%)
Glasgow scale Mean
± SD
13.16
± 1.29b
5.42 ± 1.22 <0.001a
MV duration (days) 2.44 ± 2.12b 6 ± 2.07 <0.001a
PCO2 mmHg 46.3 ± 9.45
b 43.17
± 10.16
0.376
Weaning success parameters
Heart rate >120 0 (0%)c 4 (28.6%) 0.015a
Respiratory rate >30 0 (0%)c 8 (57.1%) <0.001a
PH >7.32 18 (100%)c 14 (100%) –
Hypoxic index >150 18 (100%)c 14 (100%) –
RSBI 49.3
± 12.12b
137.52
± 22.51
<0.001a
Lung mechanics
MIP (cm H2O) 28 ± 4.57b 6.28
± 2.33
<0.001a
CdynmL/cm H2O 23.83
± 5.29b
19.11 ± 4.66 0.013a
Raw (cmH2O/L/s) 5.87 ± 1.61
b 8.57 ± 5.52 0.402
ETCO2 mmHg 27.54
± 6.37b
19.95 ± 4.03 0.001a
a P< 0.05 = signiﬁcant.
b Data presented as mean ± SD.
c Data presented as number (%).
Table 3 Predisposing variables that lead to failure of the
extubation process in ICU neuro patients.
Variable Odds
ratio
95% CI P value
Age Mean ± SD 1.09 (1.03–1.15) 0.004a
Sex
Male 35.82 (1.85–691.8) 0.018a
Female 0.03 (0.001–0.54) 0.018a
Smoking 7.5 (1.29–43.69) 0.025a
Cause of acute respiratory failure
Acute cerebral stroke 5 (1.1–22.8) 0.038a
Drug over dose 0.02 (0.001–0.35) 0.008a
C4 lesion 15.86 (0.78–324.4) 0.073
Glasgow scale <13 35.8 (1.9–691.8) 0.018a
MV duration (days) 2.05 (1.29–3.25) 0.002a
Weaning parameters
Heart rate >120(beat/min.) 15.9 (0.77–324.4) 0.073
Respiratory rate >30
(breath/min.)
48.4 (2.43–961.1) 0.011a
pH> 7.32 NA NA NA
Hypoxic index >150 NA NA NA
RSBI <105 185 (8.2–4189.9) 0.001a
ETCO2 621.1 (mmHg) 8.75 (1.75-43.6) 0.008a
Lung mechanics
before extubation 1073 (20.1–57413.6) <0.001a
MIP>-16 (cm H2O) 93.4 (4.6–1897.8) 0.003
a
MIP >25 (cm H2O) 21 (3.25–135.5) 0.001a
Cdyn 621.4 (mL/cm H2O) 48.4 (2.43–961.2) 0.011a
Raw >9.8 (cm H2O/L/s) 4.8 (0.82–27.96) 0.081
Cst. 630 (mL/cm H2O)
a P< 0.05 = signiﬁcant.
Table 4 Correlation between the ETCO2and the PH, airway
resistance.
ETICO2 On admission Before extubation
R P value R P value
PH 0.288 0.110 -0.489 0.005a
paCO2 0.418 0.017
a 0.133 0.469
Glasgow scale 0.106 0.563 0.572 0.001a
Raw (cm H2O/L/s) 0.206 0.258 0.267 0.140
Cst mL/cm H2O. 0.156 0.394 0.515 0.003
a
Cdyn mL/cm H2O 0.231 0.204 0.331 0.064
MIP, (cm H2O) 0.135 0.463 0.581 <0.001a
MV time 0.019 0.917 0.400 0.023a
a P< 0.05 = signiﬁcant.
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cut off >25 was also perfect prognostic, value, but at cut
off >25 showed a decrease in speciﬁcity and PPV to around
70% i.e. MIP above 16 cm H2O associated with weaning fail-
ure (Fig.1). End Tidal CO2 at cut off 621.1was moderately
accurate as AUC of 0.817, and each of the sensitivity, speci-
ﬁcity, PPV, and NPV was also above 70% (Fig.2). Also, Cst.
at cut off 630 was moderately accurate as AUC of 0.794 with
high sensitivity and low Speciﬁcity. On the other hand, Raw at
cut off >9.8 and Cdyn at cut off 621.4, were inaccurate as
AUC of 0.58, 0.69 respectively.Discussion
We studied the state of 32 patients admitted to general ICU
who required mechanical ventilation. Additionally, we deﬁned
the relationship of several independent variables and the risk
of weaning failure.
Most of our patients were intubated because of clinical
deterioration and coma, ten cases (31.2%) of hemorrhagic
stroke developed severe brain-stem dysfunction, and loss of
brain-stem reﬂexes). About 37.5% of mechanically ventilated
patients had central respiratory depression (CRD) due to drug
abuse and toxin inhalations (4 cases of organophosphate poi-
soning and two cases of zinc sulfate). Acute respiratory failure
following respiratory muscle weakness and diaphragmatic
paralysis due to spinal cord lesion at C4 level was found in
12.5% of cases. Ischemic stroke patients were intubated due
to respiratory failure as a result of aspiration pneumonia.
All sorts of severe damage of the central nervous system,
i.e. supra- and infra tentorial brain or spinal cord lesions due
to traumatic, vascular, infectious/inﬂammatory, metabolic,
and neoplastic, can cause respiratory failure. The complex con-
nections between the central respiratory centers, i.e. the cortex
and the autonomic centers in pons and medulla, as well as their
connections to the phrenic nerve and the upper motor neurons
can be affected on every level. This does not necessarily (only)
result in loss of respiratory drive or respiratory rhythm but
might also cause loss of protective airway reﬂexes and airway
patency and thus impairs ventilation [18].
The decision to attempt discontinuation of mechanical ven-
tilation has largely been based on the clinician’s assessment
that the patient is hemodynamically stable, awake, the disease
process has been treated adequately [25].
In the present study, about 56.2% of all patients (n= 18)
were successfully weaned and survived. About two thirds of
these patients (66.7%) diagnosed as central ARF as a result
of drug abuse and toxins. The other third (33.3%) of all sur-
vivors had ischemic cerebral stroke.
Outcomes of critically ill neurological patients are driven
mainly by the underlying neurological pathology [5,6]. The
inﬂuence of extra cerebral organ dysfunction and ventilatory
management on outcomes in this group of patients is not well
established [7].
Our study showed that the most of non survivors were
those who had hemorrhagic stroke (71.4%). Although stroke
fatality has decreased in recent decades [26], stroke is still the
most common cause of disability in many countries, and it is
still not clear whether intensive care treatment helps patients
with stroke [27]. In general, early death has been shown to
be higher in patients with hemorrhagic stroke than in those
with ischemic stroke [28].
In our work, the four cases of C4 lesions failed weaning and
died. The respiratory effects of traumatic or vascular lesions of
the spinal cord depend on the timing of onset and the extent of
involvement of the phrenic nerve supply (C3–C5). Complete
lesions usually lead to sudden respiratory arrest and death
unless immediate resuscitation is available. Patients with
lesions at or above C3 and some patients with lesions at a
lower level may require prolonged or even permanent ventila-
tor support [29].
In the present study, by applying logistic regression univari-
ate analysis, many variables were found to be independent
Table 5 ROC curve analysis: weaning indices, with the respective cut-off values.
Variable Optimal cutoﬀ AUC P value Sensitivity Speciﬁcity PPV NPV
RSBI >105 1 <0.001a 85.7 100 100 90
GCS <13 1 <0.001a 100 55.6 63.3 100
MIP >16 1 <0.001a 100 100 100 100
>25 1 <0.001a 100 77.8 77.8 100
Cdyn mL/cm H2O 621.4 0.698 0.062 85.71 77.8 50 75
Raw cm H2O/L/s >9.8 0.587 0.511 57.14 100 100 75
ET CO2 mmHg 621.1 0.817 <0.001a 71.43 77.87 71.4 77.8
Cst mL/cm H2O 630 0.794 <0.001a 85.7 44.4 54.5 80
a P< 0.05 = signiﬁcant.
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Fig. 1 ROC curve analysis of maximum inspiratory pressure
(MIP >16) before extubation.
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Fig. 2 ROC curve analysis of end tidal CO2 (ETCO2 6 21)
before extubation.
110 H.A. Mohammad, W.A. Alipredictors of weaning. For example older age, GCS score <13
and long MV duration were independently associated with
weaning failure.
Several other studies, including general population-based
studies of stroke [30], have also found older patients with
stroke to have a poorer prognosis, not only those mechanically
ventilated [28]. Hacke et al, reported that GCS scores of <10
had the greatest predictive value and the highest odds ratio.
Indeed, loss of consciousness is the most recognized prognostic
determinant of death in acute stroke and is directly related to
the severity of the neurological damage [31].
In neurological patients, a Glasgow coma scale score P8
seems to be more accurate than the traditional indices in pre-
dicting the outcome of weaning from MV [32,33].
Many patients with centrally caused respiratory failure do
not primarily have a problem with lung mechanics but with
respiratory coordination and airway protection, the latter by
way of reduced voluntary clearing of the airways in stupor
or coma, loss of pharyngeal and glossal muscle tone, dyspha-
gia and/or loss of protective reﬂexes [34].In our study, both succeed and failed weaning groups had
no signiﬁcant differences for hypoxic index >150 and
pH> 7.32. In another study, a PaO2/FiO2 ratio of 238 patients
showed a PPV of 90% but a NPV of 10%. Therefore, although
the PaO2/FiO2 ratio is greatly valued, there are no justiﬁable
reasons for its routine use as a parameter for MV weaning [34].
The use of standard indices in neurological patients does
not seem to predict extubation outcome accurately [35]. In a
retrospective analysis of 62 neurological patients, traditional
indices, such as the RR/VT ratio, MIP, and the PaO2/FiO2
ratio, were found to have low sensitivity, low speciﬁcity, or
both. In that study, the RR/VT ratio showed high speciﬁcity
but low sensitivity (0.88 and 0.18, respectively) [36] but in
our study, RR/VT ratio and MIP still had signiﬁcantly high
odds ratio. MIP at cut off > 16 cm H2O was perfect predic-
tor factor of weaning failure as AUC of 1 (Fig. 1). A maximum
inspiratory pressure value of 620 to 25 cm H2O has been
referenced as a predictive index for successful weaning [37].
The success of weaning will be dependent on the ability of
the respiratory muscle pump to tolerate the load placed upon
it. This respiratory load is a function of the resistance and
compliance of the ventilator pump [38].
Predictive value of standard parameters for weaning neurological patients 111Conti et al. [39] reported that, although it is widely used,
MIP generally presents an inaccurate or moderately accurate
AUC the values of which range from 0.57 to 0.71. Good
respiratory muscle strength alone is not sufﬁcient for patients
to be weaned from MV, since the respiratory muscles are
predominantly resistant muscles. However, MIP remains a
valuable parameter, because patients who present with extreme
inspiratory muscle weakness (MIP >15 cm H2O) will prob-
ably be unable to breathe spontaneously.
Our results proved by logistic regression univariate analysis
that ETCO2 at cut off 621.1 had signiﬁcant association with
weaning failure also, by ROC analysis was moderately accurate
as a predictor for weaning failure (AUC of 0.817), although
there was no correlation between PaCO2 and ETCO2.
Low sustained CO2 levels of 30 or less also worsen neuro-
logical outcomes. As ETCO2 reﬂects arterial CO2 in patients
with reasonable perfusion, capnography is a valuable tool
for avoiding inadvertent hyper- or hypoventilation [12].
Previous studies have shown conﬂicting results concerning
the correlation between PaCO2 and ETCO2 in different clinical
settings. McDonald et al. concluded that ETCO2 correlates
with PaCO2 in critically ill patients undergoing conventional
ventilation via an endotracheal tube and provides a clinically
reliable estimate of ventilation (r2 = 0.716 and P< 0.001) [40].
In a study of Kerr et al. [41] which was carried out in
ventilated head trauma patients, end-tidal CO2 monitoring
correlated well with PaCO2 in patients without respiratory
complications, however, they did not correlate when a lung
injury was present. On the other hand, all our cases were
heterogenic i.e. had different neurological diseases and had
different respiratory complications, for example 33.3% of
stroke patients had aspiration pneumonia.
Similar to our results, the study of Russell et al. [42] who
noted that the changes in ETCO2 values between serial ABG
samples were unable to predict even the direction of the PaCO2
changes in 31.9% of samples. The authors concluded that
assuming a PaCO2 from an EtCO2 value and predicting subse-
quent PaCO2 from the initial gradient are inaccurate, and they
recommended regular ABG sampling.
Generally, ETCO2 measurements are affected by PaCO2
levels, dead space fraction, and pulmonary perfusion. ETCO2
is dependent on alveolar CO2 (PACO2) and the site of sam-
pling. Non-uniform alveoli CO2 emptying patterns, in patients
with large ventilation perfusion result in mismatching PACO2,
and underestimation of PaCO2 levels [43].
In current study, high air way resistance (Raw > 9.8) and
dynamic compliance 621.4 both had obvious role in failed
weaning and good correlations with EtCO2 but, they were
inaccurate as AUC were 0.587 and 0.698 respectably.
Kiwerski reported that, when the airways close, lung com-
pliance reduces because of the loss of surfactant production.
Atelectatic lung produces no surfactant, but hyperinﬂation
enhances surfactant production. If the compliance of the lung
is reduced, it becomes more difﬁcult for the patient to generate
a breath and, the patient fatigue develops [44].Final considerations
Our study shows that most ventilated patients with especially
those who had hemorrhagic stroke still die within the ﬁrst
few days after admission. Most surviving patients (59.5%),however, have only slight or no long-term disability. We
believe that neurological intensive care treatment of patients
with stroke will help to reduce the fatality rate in the future.
If mechanical ventilation is valuable in optimizing treatment,
as well as preventing further deterioration, then intubation
should be performed in a timely manner, before irreversible
damage occurs.
The weaning indices have some limitations, related to the
study population, the cut-off values used, and it seems that
the greatest of all is the wide variety of methods for their mea-
surement. This variation can lead to great differences among
the results obtained.
Although few of the weaning indices are accurate, the wean-
ing indices are useful in identifying patients who will probably
be unable to tolerate weaning from MV. The weaning indices
are also useful in identifying reversible causes of weaning fail-
ure, serving as references for subsequent attempts. In our study;
Glasgow coma scale, rapid shallow breathing index, MIP,
EtCO2, static and dynamic compliance were more accurate
predictors of weaning failure than other standard parameters.
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